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ABSTRACT: The steel dent output of thirty-four explosives has been
measured as a function of the explosive density and consolidation
pressure using the Small Scale Gap Test Configuration. Output data
summaries include: observed dents, assessment of measurement errors,
dents corrected for block hardnesses, and dents fitted to straight
lines. Discussions are included to explain those various presentations.

t. Useful by-products' of the output study are the density vs consolidation
pressure data. Nomographs have been devised as a compact way of
presenting this information.

This report is in two volumes of which this is Volume I.
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1. INTRODUCTION, BACKGROUND AND SCOPE
1.1 The Small Scale Gap Test (SSGT) 1 has been used in the past

decade (1960 to date) to determine the sensitivity of explosives to
hydrodynamic shock when fabricated in dimensions comparable to those
of explosive components used in explosive-train detonators and leads.
The SSGT is also useful in characterizing newly synthesized explosive
compounds obtainable only in gram-quantities. Each shot of an SSGT is
assessed for response (go or no-go) by the indentation produced in a
steel block. The observed indentation is compared with that obtainable
from the same explosive when initiated under maximum-input (zero gap)
conditions. The zero-gap* indentations (which are a measure of the
brisance of the explosive) are the values reported as output data
in this report. The data are published in two volumes--the first
for unclassified and the second for classified information.

1.2 Both the output and the sensitivity of an explosive in the
SSGT configuration depend upon the loading density. The usual
practice to explore these dependencies is to load the acceptor
explosive at five different densities. As a sort of "spin-off",
density vs loading-pressure data are generated. These are useful in
computing charge weights for specific dimensions during the design
of detonators and leads. Often, the density vs loading-pressure data
can be reduced to a very simple nomograph (Section 8.0).

1.3 The main objective of this report, however, is the presentation
of steel-dent output data. We point out that the steel-dent output
is not one of the more precise measurements of explosive performance.
The standard deviation(s) can be expected to run from 3 to 6% of the
mean (X), occasionally as high as 10%. It should be remembered that
the SSGT configuration measures the output of a relatively long,
highly-confined, bare-ended explosive charge with the explosive
column in direct contact with the dent plate. Under such conditions,
the performance might differ considerably from that of the same
explosive in a small, light-walled explosive component.

IFor some explosives the indentations observed for "gols", when the
input stimulus is not greatly higher than the 50% response level,
are appreciably less than when initiated at zero gap.



NOLTR 72-92

1.4 Nonetheless, we have found output data valuable in character-
izing explosives and comparing candidates for use in particular
explosive systems. Also, output data are used to establish accept/reject
criteria in specifications for new high-performance high-temperature
explosives.

1.5 The following sections will describe in detail the experimental,
statistical, and data-reduction techniques used. We have tried to
"squeeze out" as much as there is in the information. We have attempted
a realistic study of the sources and magnitude of errors in our
determinations.

2. TEST PROCEDURES AND ARRANGEMENT
2.1 The test arrangement used to measure the output of the explosives

is shown in Figure 1. This arrangement is identical to the SSGT
arrangement, except that the lucite barrier used to attenuate the
donor shook is omitted.

2.2 To minimize scatter, five shots were made at each loading
pressure to give a total of 25 test shots for each explosive. The
depths of the resulting dents were measured using the equipment
specified in MIL-STD-331, Test 301.1. The dial indicator is set at
zero when the probe is at lowest point in the dent cavity. Then the
probe is removed from the cavity and four depth-of-dent readings are
made, on) on each edge of the block, approximately 901 apart. The
average of these four readings is the observed depth of dent. From
previous work*, it has been found that the depth of dent is a function
of block hardness, and that this relationship is in accordance with
the following empirical equation:

6c = 60 + 0.67(H-83). (1)

Where: 6 c is the corrected dent (mils)
14 is the Rockwell block hardness on the B scale
6o is the observed dent (mils)

Hence, the observed data were corrected to reflect changes due to
block hardness. This dent/hardness correction equation applies only
for 101F-1020 iteel and for a steel hardness range between 60-95
Rockwell B. In our tests, the steel dent blocks had hardnesses in
the range of 80-90 Rockwell B.

2.3 Statistical data--the mean, (7), and standard deviation,
(s),--were calculated for each explosive at each density. This was

done for the observed or uncorrected dent data, the corrected dent
data, and for hardness of the blocks.

3. DISCUSSION AND ANALYSIS OF RESULTS
3.1 Prelious work by Stresau and Slie 2 shows that for highly

confined charges the following relationship exists between the depth

1 777 , 8 Sep 1971, (Task, Explosive Initiation and Safety;
Rp C-3 to C-16), L. A. Roslund, 'Chemistry and Exp losiesesearch Department Technil EProgress RPots oxplosives
Research", T Apr - 30 Jun 19 1, ConU

2_J
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of dent and detonation velocity

6= k 2 PcDc(D (2)2)rc

Where: 6 - depth of dent
re = radius of the charge
P0C = density of confining material
Dc = shock velocity in the confining medium
D = detonation velocity
PO = density of pressed explosive
S1 = elastic limit of the steel block divided by a constant
k2 = constant

3.2 It can be seen from a plot of the Stresau-Slie data (Fig-
ure 2) that for the explosives tested (PETN, RDX, Tetryl, TNT) thedepth of dent varies nearly linearly with detonation velocity (Seethe experimental line, Figure 2) for the following conditions:

a. the radius of explosive charge is 0l075 or greater
b. the explosives are the C-H-N-O type
c. the detonation velocity of the explosive is 5000 m/sec

or greater

3.3 Hence, a linear equation can be obtained for the experimental
curve line, and this depth of dent/detonation velocity relationship
would be:

6 = K1 (D - 2.15) (3)

Where: 6 = depth of dent (mils)
D = detonation velocity of the explosive (mnm/sec)

K1 = proportionality constant estimated from experimental data

3.4 In the test arrangement used within to measure the steel dent
output of the explosive, the conditions mentioned above were met.
That is, the 01.12 diameter explosive column was highly confined in a
10 diameter brass sleeve, the explosive column radius of 01. was
greater than the 01.1075 R minimum stated, and all the explosives
tested (except Lead Azide) were the C-H-N-C type. In addition, the
detonation velocity of these explosives is probably greater than the
5000 m/sec at the minimum test density. Hence, the detonation
velocity/depth of dent equation given above in (3) is assumed valid;
and will be used to assess the steel dent output properties of the
explosives.

3.5 Also, reference 3 shows that the detonation velocity of an

explosive varies linearly with the density as follows:

D = Gp + F (4)

Where: D = detonation velocity (mm/psec)
p = density of the explosive (gm/cm3 )

3

. . ..... ..... ........
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and F and G are explosive constants. Substitution of "Gp + F", for
D in Equation (3) gives

6 = k1 (Gp + F-2.15) (5)

3.6 For the explosives listed in Table 2 or Table 3, the largest
F value observed is for RDX and is 2.44*, (Lead Azide is not a C-H-N-O
explosive), and the smallest observed values are 1.85* and 1.86* for
TNT and PETN. Hence, the quantity (F-2.15) of Equation (5) falls
inside the band of -0.30<IF-2.151<0.29. This quantity (F-2.15) is
at most 10% of the G value observed (see Table 2) for the same
explosive. If we assume that the quantity F-2.15 = 0, then, the
error will be no greater than 10%, and Equation (5) can be reduced
to:

6 - klGp (6a)

or for any one explosive 6 = k2P (6b)

Where: 6 = depth of dent (mils)
p = density of the explosive (gm/cm')
k2 = portionality constant estimated from experimental data

3.7 Hence, one can conclude that the depth of dent for an explosive
varies nearly linearly with the density of the explosive, and the line
describing this relationship passes through the origin (0,0).

3.8 Since the depth of dent should vary linearly with explosive
density, one can apply least squares fits to the data. In addition,
since b, the y intercept is zero, the point (0,0) can be used as a
point in a least squares fit of the explosive density/depth of dent
data.

3.9 The depth of dent (corrected) - density data obtained for
each explosive are tabulated and are shown graphically in Tables
4 to 30. Also shown are the least squarcs fit of the plotted data.
In most cases, the depth of dent - density data fit the least squares
line rather well.

4.0 DATA COLLECTION
4.1 Normally, in conducting the SSGT Test one hardness measurement

is made on each block prior to testing, and the set of four dent
readings is averaged for each explosion on each block. However, as
the program progressed and the raw data were collected, it was noted
that there were large variations in the depth of dents. Investigations
revealed that the dent measurements varied with the individual operator.
To study this effect, the depth of dent measurements were repeated.
Unfortunately only one-third of the steel dent blocks were retrievable,
but this number was sufficient to illustrate the dispersion that exists
in the depth of dent measurement. The analysis of these data will be
given later in paragraph 7.1.

*Average of cited literature values.

4
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4.2 In addition, the block hardness mcasurement value is also a
variable. For example, four independent block hardness measurements
were made on 25 blocks (see Table 31), and the block hardness values
obtained varied by as much as 5%. This measurement variation can be
attributed to the following:

a. true hardness variations in the block
b. the operator's procedure in measuring the block hardness.

These factors were lumped together, and the total variation was called
the block error. It has been decided that henceforth output measure-
ments would require two independent block hardness values and two
independent depth of dent measurements. In this way, the scatter in
the dent data due to different operators would be reduced. Repeating
moasurements has in most cases reduced the observei dent scatter and
has made the corrected dent data fit more closely the linear line as
determined by the least squares fit.

5.0 ANALYSIS OF VARIANCE
5.1 For some explosives (see Table 32), the depth of dent and the

block hardness measurements were repeated. An analysis of variance'
(ANOVA) was applied to these data to test whether or not oper-ator and
block error produced significantly different results in the variable
being tested. The data fit a two-way classification between the
block error and the operator with one depth of dent observation
per cell. The following mathematical model can be set up:

x = + + B! + C! + Z_
ij 1 1 1J

Where: x = general mean of all data
B' = bias of the j factor (block)
C9 = bias of the i factor (operator)

S= random error
i1 = no. of operator, and i~a, a = 3
j = no. of blocks, and j-b, b = 5

Each combination of i and j determines a cell, and the total number
of cells equals a'b or 15. To analyze the effects of any factor on
a given variable, the following information was necessary:

EE -
(7)

i j

where: x = any given observation
i and j = the cells as i*a and j-*b (for our problem

a = 3 and b = 5)
T = xij
N i'3 as i a, j'tb
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whee: T.= umof (8)a

where: T= sum of each i factor for each j as j-*b
n= no. of j factors

(T)21Tz (9)JJ

where: Ti = sum of each j factor for each i as i~a
n. = no. of i factors

1

The residual or random error, Z.., is then equal to total error
(Equation (7)) minus the sum of flock mean squares (Equation (8))
and the operator mean squares (Equation (9)). (See Tables 33-35.)

5.2 When each of these sums of squares is divided by the appropriate
degrees of freedom, the quotient represents the mean square and is the
unbiased estimate of the population variance. The resulting F* values
from the data are compared to the F•, value from the F distribution at
an assuried significance level (for our case we assumed 95%) for the
degrees of freedom involved. If F-calculated is less than the book
value of Fa, then there is no significant difference in the variable
being tested. If F-calculated is greater than F,, then the variable
being examined is significantly different.

5.3 This analysis was done for three different explosives at one
pressure. Inspection of Tables 33-35 shows that in two of three
cases the value of F-calculated for operator effect exceeded the
F. 0 5 (95% level of significance) and, hence, one can deduce that there
is an operator effect. In addition, for block effect, the calculated
F also exceeded the measured F. 0 5 in two cases out of three, and thus
there probably is also a block error effect.

6.0 DISCUSSION OF RESULTS

6.1 A linear equation was obtained by applying the least squares
fit to the depth of dent - density data of the explosives for the
following data groupings:

*The F value obtained here is not the same as the F term of the
previous equation (see section 3.5) which was a constant for the
explosive. The F value calculated here is obtained by dividing the
source mean square by the mean square uf the random error.

6j
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(i) For the average of the Group I data. (These data were the
original data, and have only one block hardness and depth of dent
measurement.)

(ii) For the average of Groups I, II, and III data. (Each
group is by a different operator, and each has a block hardness and
depth of dent measurement.)

For each grouping (see (i) and (ii) above), the least square fit was
applied to the five depths of dent (corrected for block hardness
differences) - density points, and the point (0,0). The resulting
linear equations are given in Table 36.

6.2 Comparison of these linear functions for the two groups shows
that the slopes (m) are similar, and that in the worst cace (see
results of Comp B) agreed to within 3% of one another. The y
intercept (b) is, of course, more random.

6.3 There is a minimum density below which dents will not occur
because the explosion pressure will be insufficient to overcome the
strength of the steel block. One should be aware of this and thus
should use the data below the density listed at 4 kpsi only with
caution.

6.4 As a first approximation, the output dent for a given explosive

can be predicted by use of the following relationship:

Dent = kp

where: k is the slope of the least square fit line (see Table 36)
p is the density (gm/cm 3 ) of the explosive

The y intercept term is omitted, but this intercept value is normally
less than 0.5 mils, and the expected error in the predicted dent will
be less than 5%. The largest y intercept value calculated is 2.6,
(see TACOT-T; Table 36) and even for this explosive the error is only
approximately 8%.

7.0 STEEL DENT OUTPUT OF CAST EXPLOSIVES
7.1 The steel dent output of six cast explosives (same as six of

the pressed explosives previously tested) were measured. The
explosives and their steel dent outputs are given in Table 37. In
addition, these values are also given on the tables showing the output
test results of the same explosives pressed into the acceptor body.
The density of some of these cast explosives in the brass acceptor
body varied considerably. This variation in the density was probably
due to voids in the explosives caused by pouring the molten explosive
into the relatively small acceptor cavity. The acceptor bodies were
heated to approximately 150*F to minimize this. The cast bodies were
divided into various density groupings. All units were fired, but
the output dent (7) was based on the acceptor pieces which had reason-
able and uniform explosive densities. Of the cast explosives, the
steel dent output of TNT was variable, even though the densities were
uniform.

7 -
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8.0 LOADING PRESSURE/DENSITY RELATIONSHIP
8.1 In designing explosive components it is often desirable to

know the density of an explosive for a particular loading pressure.
For each explosive, (See Tables 4 to 30) a graph of explosive density
as a function of loading pressure can be constructed. As an example,
such a graph was constructed for two explosives; PETN and HNS-II (see
Figure 3). A simple nomograph can be used to present density/pressure
data in a very compact and handy form (Figure 4). The nomograph is
applicable at loading pressures in the range of 4,000 to 32,000 psi.
Below 32,000 psi the pressure/density relationship fits very well
the linear relationship (see Figure 3) of

P
P - A log = + B

where: p = density of the explosive (gm/cm3 )
P = consolidation pressure (kpsi)
A and B = constant for the explosive.

At consolidation pressures above 32,000 psi, where the density of the
explosive being pressed is approaching the theoretical maximum density,
the logarithmic plot is no longer linear.

8.2 The nomographs were constructed by estimating the intersection
of the four lines one gets when one matches the loading pressure
(4, 8, 16 and 32 kpsi) with the calculated density (gm/cm 3 ).

8.3 By using different density scales, the point that represents
the intersection of the four lines is constructed on the scale that
minimizes line intersection scatter. The estimate of the density for
a particular loading pressure was generally well within 5% of the
observed data given within.

9.0 CONCLUSIONS
9.1 The steel dent output has been determined for a number of

explosives. The data show that the density - depth of dent data
collected for the explosives fit, in most cases, a linear relationship.
Since the minimum density required to produce a steel dent was not
determined, one should use with caution the steel dent data at densities
lower than those obtained at consolidation pressures of 4 kpsi.

8
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Table 1

Explosives Tested for Steel Dent Output

Table

Explosive Number Remarks
Lead Azide (Dex.) 4
Nitromannite 5
PETN 6
RDX 7
CH-6 8
Tetryl 9
Tetryl/Graphite 10
HMX 11
PBXN-5 12
HNS-Z 13
HNS-II 14
HNS-II/Tef (95/5) 15
HNS-II/Tef (90/10) 16
DIPAM 17
DATB 18
TATB 19
TACOT-T 20
KHND 21
Octol (75/25) 22 Pressed and Cast
Octol (65/35) 23 Pressed and Cast
Pentolite (50/50) 24 Pressed and Cast
TNT 25 Pressed and Cast
Comp-B 26 Pressed and Cast
TNB 27
TNETB 28
Nitroguanidine (LBD) 29 Low Bulk Density
Nitroguanidine (HBD) 30 High Bulk Density
NONA Classified, see Vol 2. Table 2
ONT Classified, see Vol 2. Table 3
ABH-1 Classified, see Vol 2. Table 4
ABH-II Classified, see Vol 2. Table 5
TPT Classified, see Vol 2. Table 6
HNAB Classified, see Vol 2. Table 7
PBXN-4 Classified. see Vol 2. Table 8

10
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Table 2

Some F and G Values for Conm•on Explosive

F G

Fickett ........ Fickett _

Cook 5  and Dunkle 7 Cook and Dunkle
Cowan 6  .. Cowan

TNT 1.78 2.36 1.30 3.23 2.80 3.50

PETN 1.60 2.12 3.95 3.50

RDX 2.49 2.51 2.33 3.46 3.57

Tetryl 2.37 3.25

Lead 2.86 0.56
Azide

D = F + Gp

D a detonation velocity (mm/Msec)
P - density of the explosive (gm/cm3 )
F and G are constants

ii
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Table 3

Some F and G Values Calculated for
Several Heat Resistant Explosives

HNS-I 2.15 2.93

DIPAM 2.03 3.05

HNS-R/Teflon 1.85 3.0
95/5 ,_

(1) Calculations based on detonation velocity
values of explosive listed in NOLTR 66-94,
E. E. Kilmer, "Annual Report On Investigation
of High and Low Temperature Resistance
Explosive Devices", Unclas, 24 Aug 1966, Conf

12
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Lead Aside

EXPLOSIVE I (PbN6) , Dextrinated X NO. I Lot #2
TMD 4• 38 -m/cm' I.D, NO.1 1072

"GROUP I DATA AVERAGE GROUP I
_ _ U_ _ I__DATAGROUP 1 11 & III DATA BLOCK

LOADING DENSITY HARDNESS
LOADNGRENSITYC) OBSERVED CORRECTED OBSERVED CORRECTED DATAPRISSURE (GM/CM 3) DENT DATA DENT DATA DENT DATA DENT DATA
( PSI) (MILS) (MILS) (MILS) (MILS) (ROCKWELL I)

AVG. S AVG. S AVG. S AVG. S AVG. S AVG. S

6=0 2,549 !00257 33.2 3.51 32.7 3.75 .32.9 1.98 32.3 2.33 82.3 D.

8.000 2.792 0,01.0,36.2 1.54 35.9 1.83 37.0 1,15 3 . J , 82.6 0
6,000 3.012 0.0323 44.9 1.71 44.5 1.59 42.4 1.39 41.6 1,60 82.5 0.60

22000 3.332 0.0171 43.9 1,36 43.2 1.95 45.0 0.85 44.3 1.28 81.9 1.73

44,000 3.664 0.0024 51.3 2.54 50.5 3.10 49.4 1.68 48.6 2.17 81.9 0.96

NOTESt (1) De.trinated Lead Azide ia not a C-H-N-O explosive, hence
the line drawn is an eye-fitted line and not a least
squares line.

- - -. - -....-.- - --

STEEL DENT OUTPUT (CORRECTED VALUE)
-- AS A FUNCTION OF EXPLOSIVE DENSITY -

EXPLOSIVE- Lead Azida, Dex.
60------------------------ 

- - ..-

so; No z ý1)
IS

- -0 -- ---

2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0EXPLOSIVE DENSITY (GW/CM 3)

TABLE 4 STEEL DENT OUTPUT DATA FOR Lead Azide (Dex)

13
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EXPLOSIVE INitromannite x0. 1O 601
TMD 11.73 rm/cmr I.D. NO. 311

GROUP I DATA AVERAGE GROUP I
LOAUDINGDATNS.... GROUP I, II & III DATA BLOCK

LOADING DENSITY. HARNE

PRESSURE (GM/CM 3) OBSERVED CORRECTED OBSERVED CORRECTED HARDNESS
PSI) DENT DATA DENT DATA DENT DATA DENT DATA DATA
PSI) (MILS) (MILS) (MILS) (MILS) (ROCKWELL B)

AVG. S AVG. S AVG. S AVG. S AVG. S AVG. S

4,000 1.315 0.0037 48.8 1.63 48.9.1.92 48.4 1.19 47.8 1.6-2 81.8 0.92-- -- ~• --

8,000 1.504 0.0030 59.9 2.13 59.3 2.54 57.7 3.27 57.0 3.55 82.1 1.43

16,000 1.645 10.0021 63.3 2.05 62.3 2.62 65.6 1.26 165.1 1.67 81.4 0.96

32,000 1.764 0.0039 64.3 2.00 63.7 2.06 67.7 1.75 66.7 1.54 82.1 0.55

64,000 1.809 0.0019 70.1 1.89 69.3 2.13 69.6i 1.98 68.5 2.41 81.7 0.56

NOTESo

STEEL DENT OUTPUT (CORRECTED VAI.UE)
AS A FUNCTION OF EXPLOSIVE DENSI rY-

EXPLOSIVE - NitromqnnJ L.a

70-------------------------

S... .. .. -' i .... .-

:E60 --

;p ;
40i

4C - - - - - - - - - - - -. .. ..... I

1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 Ile 1.9 2.0

EXPLOSIVE DENSITY *GM/CM 3 )

TABLE 5 STEEL DENT OUT PUT DATA FOR NXTROMANNITE

14j
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EXPLOSIVE t PETN x NO. 321
MD .. .7 . r� /1. 1.. o. g 85

"0 R DAP A AVERAGE
GRUP ________ GROUP I, II & III DATA BLOCK

LOADING DENSITY O CORRECTED
PRESSURE (otA/CM3 ) OBSERVED CORRECTED OBSERVED DATA

PSUR DENT DATA DENT DATA DENT DATA DENT DATA (ROCKWELL b)PSI) (MILS) (MILS) (MILS) (MILS)

AVG. S AVG. S AVG. S AVG. S AVG. S AVG. S
f oo0 • .6 ,0034 532 1.84 55.3 zz•[6112

4 ' - 86.1 11.20

8.000 1.492 o.0043 59.9 2.59 61.1 2.25 - 84.7 1.66v ' -00.6-ý.6o
16.0o0, _ ,__ 16_3, 6 82.6 . 1.. 60

32.0 ,02 .oo8i 68.4 0069.5 .. 8 4.6 11.06
64,7 .o2.87 'To.+ 2.4 84.6 1.21.

NOTESi

STEEL DENT OUTPUT (CORRECTED VALUE)AS A FUNCTION OF EXPLOSIVE DENWITYt•

EXPLOSIVE - PETN

--0 -

1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0
EXPLOSIVE DENSITY IGWCMr3

TABLE 6 STEEL DENT OUTPUT DATA FOR PETN

15



NOLTR 72-92

EXPLOSIVE X NO. 334
TMO 1.82 0/3m . I.D. NO. 998

- I AVERAGE

GROUP I DATA VI& DL

LOADING DENSITY OBSERVED CORRECTED OBSERVED CORRECTED HARDNESS
DENT DATA DENT DATA I DENT DATA DENT DATA DATA

(PSI) (MILS) (MILS) (MILS) (M ILS) (ROCKWELL S)

AVG. S AVG. S AVG. S AVG. S AVG. S AVG. S

4.000 L.45 0 .006o 59.5 0.8 6.' -.92 85.8 1.10
_n .0.00 63.0 1..46 64.2 0.93 -.- 84.8 1.33

1&6.=1.63 0.. 0 65.1 1.04 66.7 8i0 -. 5 1.22

320 1. 14 o.0042 68.4 2.7o 7o.1 2.24 85.5 1.41

64•. .00 70.8 3.03 71.8 2.65 818.5 1.41

K NOTES|

STEEL DENT OUTPUT (CORRECTED VALUE) OR

AS A FUNCTION OF EXPLOSIVE DENSITY-
EXPLOSIVE - RDX *

"~Ii

SIIi

1. . . . . .5 1. li81. .

EXLOIV DNST i I CM

1 C

4n 6,4.. I

1. ., 13 1o 51. .7181Z .

EXPOSVE ENITYL /vVo3

TABLE 7 SEXPLOSV DENSTY O TPU1DA/ FR 31

16.
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EXPLOSIVE CH-6 X NM. 267
TMD 1. 77 /cmJ... I.D. NO. 115

GROUP I DATA AVERAGE
-RU __rT . GROUP I 11 III DATA BLOCK

LOADING DENSITY HARDNESS
PRESSURE (M/CM) OBSERVED CORRECTED OBSERVED CORRECTED

PSI) DENT DATA DENT DATA DENT DATA DENT DATA DATA B)
( i)(MI LS) (MILS) (M ILS) (MILS) (ROCKWELL B)

AVG. S AVG. S AVG. S AVG. S AVG. S AVG. S

24,oo0 1.526 o.o0676o.9 o. 8 8 .61.5 0.96 84.0 1,23

8.000 1.,611.0013 63.4 1.14 64.2 1.29 84.2 1.79
-1.621 i 0 00o18-67,.f 1.81 68.4 1.66 .1 84.1 0.82

2,o0 1.744 0.oo0 6T.5-. 2.19 68 2. ---9 -. 84.8 1.44 j

64.0 1..1 660.001rT69.2 2.83 70.7 2.16 85.3 1.07

NOTESi

STEEL DENT OUTPUT (CORRECTMD VALUE)
S- -- - AS A FUNCTION OF EXPLOSIVM DENSITYt

EXPLOSIVE - C11-6
700

S /*

160

50,, ......... . .

- -

1.0 1.11 1.2 1.3 1,4 1 5 1.6 1I.7 1.8 1 9 2.0
EXPLOSIVE DLIASITY CGrA cm3

TABLE 8 STEEL DENT O..TPU. .DATA FOR C-6

17
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EXPLOSIVE T•try. X NO. I36
TMD 1.73 m. _ _, No. 1 __054

GROUP I DATA AVERAGE
LOAUIG DESTTYGROUP I I & III DATA BLOCKLOADING DENSITY3HDNS

PRESSURE (GM/CM
3) OBSERVED CORRECTED OBSERVED CORRECTED HARDNESS

DENT DATA DENT DATA DENT DATA DENT DATA DATA
PSI) (MILS) (MI LS) (MILS) (MI LS) (ROC KWE LL B)

AVG. S AVG. S AVG. S AVG. S AVG. S AVG. S

4 , ,o @ 1 .0023 50.9 QT6 53..3 oa,. 83.6 1.34
.o . 53oo . ,6o 54.3 2.42 ... 84.7 1.1016.0 . 0.oo24 566.1 o.56 56.6 1.82 83.7 2.08

•2= .677 l••••6z99 .64.41.83. 84.2 1.8

2 .0023 62.5 16 63.3 o.5o 84.2 .82

NOTES! :

STEEL DENT OUTPUT (CORRECTED VALUE)S- AS A FUNCTION OF EXPLOSIVE DENSITY&

EXPLOSIVE - Tet'' 170-K-
II

--- --60---.-

-4. - a a S Il * ..... k II

1,0 1,I 1.2 1.3 1.4 1.5 1.6 I.7 1.8 1.9 2,0

EXPLOSIVE DENSITY rM.CM3 )

TABLE 9 STEEL DENT OUTPUI DAIA FOR Totryl
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EXPLOSIVE Teqtrl/QraghIle-d 1 460TM D 1 .i 7 3 -.-rr/ c rm j . ), t N O . 1 3 7 4
GROU I DTA VERAGE

_ROUP _ GROUP I, II & III DATA BLOCK

LOADING DENSITY HARDNESS
PRESSURE (GM/CM 3) OBSERVED CORRECTED OBSERVED CORRECTED DATAPRSI) E (G / M DENT DATA DENT DATA DENT DATA DENT DATA D T

PSI) (MILS) (MIL5) ( TLS (ROCKWELL B)

AVG. S AVG. S AVG. S AVG. S AVG. S AVG. S

-D85.2 0.57
4.ooo 1.44 D.002 j_.6 1.99 _g.1 1 .. .
jBloon i-qq1 0.0028,56.3 11.83 .5T.5 2.61_ _ 84.8 1.35

16.00C 1.611 .0022 58.9 1.09 59.9 1-.63- 84.6 1.1-

320 . .0015 61.7 3.36 62.4 46 84.1 1.78

64,00( 1.737 oo8 61.8 2.o4 63.1 2.O) 85.0 1.23

NOThSz

STEEL DENT OUTPUT (COPRrCTID VALUE)
AS A FUNCTION OF EXPLOSIVE DENSITY:

EXPLOSIVE -Tetry -- -/(-- - - - ----. it- Cd70 - -

I-I

460'

----------

1.0 1.1 1.2 1.3 1!4 1 1,7 i's 1.9 2.0
EXPLOSIv[lU D :l rý'• (k, ýA C M•)

TABLE 10 STEEL DENT OUTPU FtjT DATA FOR Tetryl/Graphited

... ... .....
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EXPLOSIVE HM X NO. O1.
TMD 1 9o v M-1/7r,,3 1. D. NO. 1439

GROUP I DATA AVERAGE
GROUP_ _ _ _ATAGROUP I, II & III DATA BLOCK

LOADING DENSITY OBSERVED CORRECTED OBSERVED CORRECTED HARDNESS

P.ESSURE (GM/CM) DENT DATA DENT DATA DENT DATA DENT DATA DATA
PSI) (MILS) (MILS) (MILS) (MILS) (ROCKWELL B)

AVG. S AVG. S AVG. S AVG. S AVG. S AVG. S

4,000 1.4n o.o083 60.0 2.94 60.6 3.04 84.0 1.08
8.000 1.561 .OOg62 64.6 4.12 64. 4.6 - 83. 0.79

16,0 1.661 .004 5 71.8 1.46 72.8 1.14 84.4 0.76
r2ro 1-161 o.0n 166.g 4.44 68.6 4.14 185.5 1.83

1.841 0.0009 . 1.M 74.3 1.89 84.4 1.26

NOTES.

STEEL DENT OUTPUT (CORRECTED VALUE)

AS A FUNCTION OF EXPLOSIVE DENSITY:

EXPLOSIVE- 1-,IX

g0

5-J

w[

1. 11 1. 1.3 1. "1 . . . .

I I

I .0 1.1 I.2 I1.3 1.4 1 .5 1.6 1.7 .8 1 .9 2.0

EXPLOSIVE DENSITY (MG CM3 ;

TABLE 12 STEEL DENT OUTPUT DATA FOR HMX
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ExPLOSIVE I PB-5 x r"o. 618
TMD 5

GROUP I DATA AVERAGE GROUP I
-GOUP 1, II & III DATA BLOCK

LOADING DENSITY3ARNS
PRESSUR E NSITY (OBSERVED CORRECTED OBSERVED CORRECTED HARDNESS
PRESSURE (GM/CM DENT DATA DENT DATA DENT DATA DENT DATA DATA

PSI) (MILS) (MILS) (MILS) (MILS) (ROCKWELL B)

AVG. S AVG.1 S AVG. 5I AVG. S AVG.. S AVG. S

*,ooo 1.,385 o.o0 4 56.4 1.01 58.4 1.14•56.3 1.26 5T.6 1.48 86.0 1.11

8.000 1.465 O.0042 5T.T 1.61 5T.9 1.92 57.9 1.20 58.4 1.52 83.4 2.43

-... 1.,6 0.0072-6i.5 2.6T 62.4 Sý. 15 161.0 2.31 61.6 2.64 84.3 0.77
r2,000 1.709 0.0010 67.1 1.00 68.2 1.21 67.5 *095 68.2 1.19 84.6 1.02

64,nnli.84--Q~ao24 72114.8 a1 7q 5.23~±~ T2 62 T2.8 46; 84.5 2.28

NOTESs

STEEL DENT OUTPUT (CORRECTED VALUE)
AS A FUNCTION OF EXPLOSIVE DENSITYi

EXPLOSIVE- PBXN -5

50-

z- - -.... .

4-,

1.0 1.1 1.2 1.3 1.4 5 1.6 1.7 1.8 1.9 2.0
EXPLOSIVE DEtl•ITY j Gr%, CM3)

TABLE 12 STEEL DENT OUTPUT DATA FOR PBXN-5
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EXPLOSIVE I -X NO. I5:37
TMD 1.74 jc/€m3  1.D. NO.

AVERAGE

GROUP I DATAAVRE
GROUP IDATA _ -GROUP I, II & III DATA BLOCK

LOADING DENSITY HARDNESS
PRESSURE (GM/CM 3) OBSERVED CORRECTED OBSERVED CORRECTED

DENT DATA DENT DATA DENT DATA DeNT DATA DATA
( PSI) (MILS) (MILS) (MILS) (MILS) (ROCKWELL I)

AVG. S AVG. S AVG. S AVG. S AVG. S AVG. S

4.oo0 1.119 0 .o69 _8._ 1.81 0o. 5 o..9 86.0 1.87
8,000 1.26o 0.o01 41.2 0.86 42.5 1.o4 85.o 0.89

16.000 1.407 o.0042 4.5 o.98 49.T 1.35 84.8 0.56

o .5 Q 5o.oo4s 8 . 50.6 2,2 -186.7 MIS
64.o . 0.0013, 55.2 _1.6L 57.1 2.02 1.85.8 1 .97l

NOTESi

STEEL DENT OUTPUT (CORRECTED VALUE)
AS A FUNCTICN OF EXPLOSIVE DENSITY:

EXPLOSIVE - HNS-I
60 -.....

0-0

Oiii I____

~~0 i ..

i - - I - - . - i - - -1- - - I _ ,-

2 
J

1 .0 1 .1 1 .2 1 ,3 1.4 1 .5 1 .,, 1 .7 1 .8 1 .9 2 .0

EXPLO51VE DENSITY (Gt&% CM3)

TABLE 13 STEEL DENT OUTPUT DATA FORl HNS-1
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EXPLOSIVE I &-II X NO. 567
rMo J 1.74 im I.D. NOSC 30&165

AVERAGE
GROUP I DATA GROUP 1, II & III DATA BLOCK

LOADING DENSITY OBSERVED CORRECTED OBSERVED CORRECTED HARDNESS
PRESSURE (GM/CM3 ) BSRE ORCE UEVD CRETD DATA

PRESUR (M/C31 DENT DATA DENT DATA DENT DATA DENT DATA DT

(PSI) (MILS) (MILS) (MILS) (MILS) (ROCKWELL B)

AVG. S AVG. S AVG. S AVG. S AVG. S AVG. S

41000 1.332 ooo2_ 45.1 1.1. 46.7 0. 98 85.- 1.65

n .•.. 0.0o61. 1 2.05 46.o 1.44 84.3 1.98

710.onn1.5s 0.002sJ.3. 1.85 51.6 0.8o 86.5 2.92

qp-nno 1,656 0.0005 54-7 1.28 56.4 1.57 85.5 1.51

640000 1.723 0.002. s.O 1.80 55.7 1.0 - 85.6 1.42

NOTES ±

STEEL DENT OUTPUT (CORRECTED VALUE) -

AS A FUNCTION OF EXPLOSIVE DENSITY: -

EXPLOSIVE- HNS-TI
70

:9 60

~1-

1.0 1.,| 1.2 1.3 1.4 I .1 1.6 1,7 1.8 1.9 2.0

EXPLOSIVE DE4SITY (GK, CM3%

TABLE 14 STEEL DENT OUTPUT DATA FOR HNS-II

23
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EXPLOSIVE I HNS-II/Teflon (925 )X t',o. 1 526
TMD 1.76 gm/cfl I.D. NO. 212

AVERAGE GROUP I
GROUP I DATA GROUP I Ii & III DATA BLOCK

LOADING DENSITYG 3  OBSERVED CORRECTED OBSERVED CORRECTED HARDNESS
PRESSURE (GM/Cm DENT DATA DENT DATA DENT DAIA DENT DATA DATA

PSI) (MILS) (MILS) (MILS) (MILS) (ROCKWELL B)

AVG. S AVG. S AVG. S AVG. S AVG. S AVG. S

4 oo126 M07 4. 1.74 41.3 1.84.1 1. 34 41. o 1.12 82.5 o.46

-00 k25 0.0058 42.8 L.54 42.7 1.85 44.4 0.97 44.3 1.11 82.8 1.04
16.000 1.521 O.00o4 51.7 1.76 51.3 1.63 49.6 1.83 49.4 2.26 82.4 o.62

- A•60z 1.7 0.0025 50.9 1.88 50.4 . 1.T 1.29 51.2 1.50 82.2 1.10

. 1.715 0.003 54.9 3,13 53.9 3.38 54.8 1.88 54.3 2.18 81.5 1.00

NOTESs

STEEL DENT OUTPUT (CORRECTED VALUE)
AS A FUNCTION OF EXPLOSIVE DEN31TYi

EXPLOSIVE - HNS-II/ T,,FI,

:~ 60

40

1.0 1,1 1.2 1.3 1.4 1.5 1 ., 1 7 1.8 1.9 2.0
EXPLOSIVE DENISITY, GM CM3,TABLE 15 STEEL DENT OUTPUT DA7A FOR HNS-II/Teflon, (95/5)
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4

EXPLOSIVE IHNS-II/Teflon (90/10)( NO. I 581TMD I. / ID. NO. 162

AVERAGE oRoU
GROUP I DATA GROUP I, II & III DATA BLOCK

LOADING DENSITY HARDNESS
PRESSURE (GM/CM3) OBSERVED CORRECTED OBSERVED CORRECTED DATADENT DATA DENT DATA DENT DATA DENT DATA DATA

(MILS) (MILS) (MILS) (MILS)

AVG. S AVG. 5 AVG. S AVG. S AVG. S AVG. S

ono 1,42 0.0056 , 1..I 42.8 _.r 4..6 2.19 43.4 2.23 83.2 1.'6

8,000 1.52T 0.00 3.11 43.6 .15 44.4 1.T8 44.1 1.86 83.4 0.89
16.ooo-1.6200.0• 50.9 2.,J1-50.11 2.T2 49.21 1.94 48.3 1.92 82.0 0.95

2Q000 1.7TOO .001f 46.T 1.93, 46.; 1.6 9.3 1.61 48.5 1.T5 82.4 0.92

64.000 1.752 oo. 2.2 1.99 51.7 0 -i2, 51.6 1.43 , 2.09 82.3 11.04

NOTESs

STEEL DENT OUTPUT (CORRECTED VALUE)
AS A FUNCTION OF EXPLOSIVE DENSITY -

EXPLOSIVE -__

7 - - - - - - - - - - - -.0 -

00

50 - - -

oa

4C a. ..a.

40L -' - 0
1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0

EXPLOSIVE DENSITY (GP-CM%

TABLE 16 STEEL DENT OUTPUT DATA FOR HNS-ZI/efl.on (9O,'1O)
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MID .79 m/cmI. D. No, 223
GROUP DATAAVERAGE

GROUPIDAT GROUP 1, 11 & III DATA $LOCK

LOADING DENSITY HRNS
P'IESSURE (GM/CM 3) OBSERVED CORRECTED OBSERVED CORRECTED HRNS

DENT DATA DENT DATA DENT DATA DENT DATA DATA
PSI) (MILS) (M ILS) (MILS) (MILS) (ROCKWELL 6)

AVG. S AVG. S AVG. IS AVG. S AVG. S AVG. S

400 _1,.231_. 0Q.0092 _UJ 2..gl~ 43.2 2.03 -- 84f.9 2.72

8 000O 1.38T 02.01 45. 1.25 4d6-'0 1.39 - 84f.0 2.13

16000 1,50 o og 48.QQ .4 1.13 50.5 1.38 - _ 86.0 0.71

~k~.0Q.~5U 864 1..94~.z217.............

-40 -,T -,9 - -. 58. -1.6 85-21- - -7

NOTES-

STEEL DENT OUTPUT (CORRECTED VALUE)
- -- - ~AS A FUNCTION OF EXPLOSIVE DENSITYi

EXPLOSIVE - 1)IPAbl

760----

500

1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 I.B 1.9 2.0
EXPLOSIVE DENSITY (GW.CM 3)

TABLE 17 STEEL DENT OUTPUT DATA FORIDIPA.M
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EXPLOSIVE DATB x NO. 13

TMD 1,.84 on/o3 1.D. NO 185

GROUP I DATA AVERAGE
_GROUP I, II & III DATA BLOCKLOADING DENSITY ARNSLODN DENSITYM OBERVED CORRECTED OBSERVED CORRECTED HRNS

PRESSURE (GM/CM 3 ) DATA

PSI) DENT DATA DENT DATA DENT DATA DENT DATA DATA

(MILS) (MILS) (MILS) (MILS) (ROCKWELL 1)

AVG. S AVG. S AVG. S AVG. S AVG, S AVG. S
4 0 1.257 .oo66 . 9 84.8 .. 6o

8.ooo i.8k o.oo28 4o.3 3,5g 42.2 3.44 85,T 1.55rlo( .o-o•' 49.2 5 2 .42ab.• 1.84. 83.3 1.99

0.0024. 52.5 6.43- 85.4 2.88

ii0 .L .004Q 53.2 2.22f 2.31 83.T 1.72

NOTESt -

STEEL DENT OUTPUT (CORRECTED VALUE)
AS A FUNCTION OF EXPLOSIVE DENSITY:

EXPLOSIVE - DAT3

0

9--

EXPLOSIVE DENSITY (GM/CM 3)

TABLE 18 STEEL DENT OUTPUT DATA FOR IDATE

27o

-- - -- --



NOITR 72-92

EXPLOSIVE I RATB X NO. I 398
TMD I. . NO. 68

AVERAGE

GROUP I DATAAERG
___U__IDATA GROUP I, II & III DATA BLOCK

LOADING DENSITY COHARDNESSPRESSURE (GM/CM3) OBSERVED CORRECTED OBSERVED CORRECTED

PSI) DENT DATA DENT DATA DENT DATA DENT DATA (ROCKWELL B)(MILS) (MILS) (MILS) (MILS)

AVG. S AVG. S AVG. S AVG. S AVG. S AVG. S

.. L0= -1.480 0.0068 48.2 o.96 49.3 o.64 84.7 1.04
8.000 1.616 0.0052 52.1 3.57 53.8 4.10 85.6 1.77
16.O0( 1.711 0.0038 55.4- 1.37 . 2.4 82.3 5.09

2,00( 1.832 o.ool6 52.7 2.90 53.2 3.03 83.8 0.49
64, 1.888 0.0023 J.2 1.94 53.01 . - 82.7 1,43

NOTESt

STEEL DENT OUTPUT (CORRECTED VALUE)
AS A FUNCTION OF EXPLOSIVE DENSITY -

EXPLOSIVE - TATS

3 6.I I

_ j

® /-'' ,

1. 1o . 1. 1. 1. 1 .6...1 81. .

TABLE 19 STEEL DENT OUTPUT DATA FOR TATIB
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EXPLOSIVE _TAQT-T XNO. 4 1
TMD / :.R n,/cm: ,. D. NO. 436

AVERAGE
GROUP I DATA GROUP I, II & III DATA BLOCK

LOADING DENSITY OB CORRECTED HARDNESSOSERVED CORRECTED OB5ERVED C RETD DATA
PRESSURE (GM/CM3) DENT DATA DENT DATA DENT DATA DENT DATA (ROCKWELL B)

PSI) (MILS) (MILS) (MILS) (MILS)

AVG. S AVG. S AVG. S AVG. S AVG. S AVG. S

4,00 0.,846 0.01.o 24.2 1.6T 22.9 2.23 81.0 1.09

8,000 0,:94 0.0052 29.5 0,90 28.8 1.0- 82.0 0.36

1600( 1.196 0.0121 35.0 2.72 33.5 3.13 80.T 1.17

•,000 1.43T .0 47.5 1.65 46.4 1.93 81.3 0.80
- 4 0 0 z.. 6 7L 2 0. 0 0 5 5 .9 i 1 . 0 5 .2 1 . o 8 2 .4 1 .4 T

NOTESt -

STEEL DENT OUTPUT (CORRECTED VALUE)
AS A FUNCTION OF EXPLOSIVE DENSITYt - -0-'

EXPLO SIVE - ,.0, - C

50

-lo

00,,

I-r

""'

0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 I.,

EXPLOSIVE DENSITY (GM CM3 )

TABLE 20 STEEL DENT OUTPUT DATA FOR TACOT-T
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EXPLOSIVE I UMD x No. I 616
TMD ,. D. NOS 43&1001

AVERAGE
GROUP I DATAAVRG
__ _ U__ _ _DATAGROUP I1 II & III DATA BLOCK

LOADING DENSITY HARDNESS
PRESSURE (GM/CM 3) OBSERVED CORRECTED OBSERVED CORRECTED DATA

PSIR DENT DATA DENT DATA DENT DATA DENT DATA (ROCKWELL B)
PSI) (MILS) (MILS) (MILS) (MILS)

AVG. S AVG. S AVG. S AVG. S AVG. S AVG. S

S..o1o i LQr o.ook 5 38.4 A.72 -9.2 3.-M 84.3 0.78

g . s6 o~oo4s 46.0 2.99 _, 3.53 82.5 1.00

16.00 1.601. 0.006q 47.3 2.47 46.9 2.89 - 82,4 1.29
32,00( 1,713 0.0_0bT 4i9 . 72 4 ,.9 2.74 81.4 0,71

64,00d 1.816 0.0021 54.6 2.72 54.4 2.47 82.7 0.91

NOTESt() ~pe =4
OTS,(1) sample size 4 ....

STEEL DENT OUTPUT (CORRECTED VALUE)
AS A FUNCTION OF EXPLOSIVE DENSITYs --- --,
EXPLOSIVE - KHND

60

3-0-

---------.-.. i-V H - --
40--.--.. - - -- -4 - V- - -

i ... I•

";I

1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1,8 1.9 2.0

EXPLOSIVE DENSITY LGMt'CM 3
)

TABLE 21 STEEL DENT OUTPUI DAIA FOR KHND
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EXPLOSIVE I OCTOL (75/25) x NO, I 577
TMD P ,r./cm D.. NO. 352

AVERAGE GROUP IGROUP I DATA GROUP 1I II & III DATA BLOCK

SLOADING DENSITY HARDNESSOBSERVED CORRECTED OBSERVED CORRECTEDPRESLURE (GM/CM DENT DATA DENT DATA DENT DATA DENT DATA DATA
PSI) (MILS) (MILS) (MILS) (MILS)

AVG. S AVG. S AVG. S AVG. S AVG. S AVG. S

3. .0 6s,,3 .7.4. 5.22 65.5 3.49 -i:5 P 3.74 8.49 1.16
800o 1.6• 0.0032 6.. 3.37 69.4 ,.88 67.0 3.0, 67.2 3.38 84.7 0.86

24 6 ._84.5 0'.7Tr
1.680 .0084 70.1 3.65 31.1 4. 0. 68.,8 80 .

12 .00c 1.6 •04 72.5 3.19. 7 .1, 3.38, 70.6 2.64 71 7 .T I oT 85 .5 1 .
6.o .1 .0 70,1 P-951 70.41 2.T01 70.7 .,4 q4 3,36 83,5 1.89

1A.(±I792 oo0087 65.9 1.24 66.01, 1.551 83-3 .L
NOTESM (1) cast explosive X NO-529, I.D. No-1126

STEEL DENT OUTPUT (CORRECTED VALUE)
AS A FUNCTION OF EXPLOSIVE DENSITYt

EXPLOSIVE- OCTOL (75/25)

0 

-

600

4..- ...... a .... L- - -

1.0 1.1 1,2 1.3 1.4 1.5 1.6 I.7 1,8 1.9 2.0

EXPLOSIVE DENSITY (GNVCM 3)

TABLE 22 STEEL DENT OUTPUF DATA FOR OCTOL (75/25)
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EXPLOSIVE I OCTOL (65/35) X NO. INone Assigned
TMD 1. 79 em/ 1. D. NO. 43

GROUP I DATA AVERAGE
GROUP I, II & III DATA BLOCK

LOADING DENSITY HARDNESS3  OBSERVED CORRECTED OBSERVED CORRECTED
PSI) DENT DATA DENT DATA DENT DATA DENT DATA DATA

i( PSI) (MILS) (MILS) (MILS) (MILS) (ROCKWELL B)

AVG. S AVG, S AVG. S AVG. S AVG, S AVG. S

h.Ono . 2.0k 64.9 2.81 - 85.3 0.98

8 .0023 65.8 1.T41 68.4 1.90 - 87.0 1.1.U

1,61 .0037 ,64.7 2.2-3 85.2 2.26

3L.Q02 1J1,00 0 DOo 62.4. 1.83 64.2 1.3.0 -. .. 85.8 1.7T 4

64,00 1.806 .0031 61.T 1.87 63.3 1.67 ,. 85.4 1.61

aTI1.768 00o97 6, i.i0 83.8 0.96
NOTISI M Sample size - 7

Cast explosive x No. 293

STEEL DENT OUTPUT (CORRECTED VALUE)
AS A FUNCTION OF EXPLOSIVE DENSITY -

EXPLOSIVE - OCTOL (65/35)

-... ......... 1 .... L - -

I P r o .... .

1.0 1.1 1.2 1,3 1,4 1,5 1. 6 1,7 1.8 1,9 2,0

EXPLOSIVE DENSITY (G•/VMI)

TABLE 23 STEEL DENT OUTPUT DAIA FOR OCTOL (65/35)
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EXPLOSIVE PENTOLITE (50/50) X NO. I 553
TMD 1.71 =/ca- I.D. NO. 1 165

GROUP I DATA AVERGE GROUP I
G _OU _____DATA _ GROUP I, II & III DATA BLOCK

LOADING DENSITY3 HARDNESS
LOADING DENSITY OBSERVED CORRECTED OBSERVED CORRECTED

DENT DATA DENT DATA DENT DATA DENT DATA DATA
(PSI) (MILS) (MILS) (MILS) (MILS) (ROCKWELL B)

AVG. S AVG. S AVG. S AVG. S AVG. S AVG. S

-.OQ.30.8- 49. 1 1.44 49.9 1.27 51.8 1.28 51.8 1.99 84.2 o.•,L
8,%nan hja n.nn4 52.3 0,11-U 1q .01 55.1 2.52 _2L_6 2.33 84.7_•.9--c

• i. 16cO 0.0026 59.0o --a,9 6o.g .3 61.3 4.25 61.6 5.30 85.9 2.14

1691 0.015 62.8 2.4o 63.8, 185 6 3 63.5 1.31 84.5 1.89
0aoo _ -'r, COlog 62.0 2.3•4 63a-i3.n1! 61.4 2.48 61,6_g.L4 84.6 1.91-

AS ir 6T0 0.00W lo_.a 1.3 60.5 1.431 WZ.3 o.6d
NOTES, Saple size - 10

2 Cast explosive X No. 636

STEEL DENT OUTPUT (CORRECTED VALUE)
AS A FUNCTION OF EXPLOSIVE DENSITY:--

EXPLOSIVE - P:N L'O[,'TE (J /)

0

[ J,

-ii

SI I

"1 .0 1 .1 1.2 1.3 1.4 1,5 1.6 1.7 1.8 1.9 2.0

EXPLOSI.'E DEINSITY (C.M.CM
3I

TABLE 24 STEEL DENT OUTPUT DATA FOR fty•Toi.1T (50/50)
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EXPLOSIVE JTT X NO. 1 412

TMD 1-69 ;;/em3 ,. D. NO. 369
AVERAGE 

GROUP

GROUP I DATA GROUP I, II III DATA BLOCK
LOADING DENSITY R HARDNESS

M/CM3) OBSERVED CORRECTED OBSERVED CORRECTED
PRESSURE (G DENT DATA DENT DATA DENT DATA DENT DATA DATA

(PSI) (MILS) (MILS) (MILS) (MILS) (ROCKWELL B)

AVG. S AVG. S AVG. S AVG. S AVG., S AVG. S

4. oo Q 1.o350 .000 3,2 44.,8 3.62 46.8 1.T6 46.. 2.o0 81A. 0.9

8.ooo 1.448 0.002.1 48. 2.90 483 3.05 4.. .66 4.. 1. 83.A 0.
16.0o0 1.555 050. 2.2.1-- L .2._L 1. 81c 0.63

12.000 .624 0.0023 51.8 4.25 52.1 3.7 2,.2 2.61 51. 2.4 6 83.! 1.11-oo z649 mmoo _ 4". 2.58 54.,i 2.86 53.5 2,1 53. 2.27 83.,' 1.52

NOTES; 1) Sample size -- 9
(2 Cast explosive X No. 51T

STEEL DENT OUTPUT (CORRECTED VALUE)
L AS A FUNCTION OF EXPLOSIVE DENSITY-

EXPLOSIVE- TAqT

0 _ - i i

60

EXLSIEDNST "W i ' I

0.

Zi

(33. mil

1,0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0

EXPLOSIVE DENSITY ;Cmv CM3)

TABLE 25 STEEL DENT OUTPUr DATA FCR TNT
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EXPLOSIVE I CX NO. BT6
TMD 1,.72 mlem3 1. 1. NO. 173

GROUP I DATA AVERAGE GROUP I
________ U___ . IGROUP I II & III DATA BLOCK

LOADING DENSITY_ HARDNESS
OBSERVED CORRECTED OBSERVED CORRECTED

PRESSURE (GM/CM3 ) DENT DATA DENT DATA DENT DATA DENT DATA DATA
(PSi) (MILS) (MILS) (MILS) (MILS) (ROCKWELL B)

AVG. [ S AVG. S AVG. S AVG. S AVG. S AVG. S

4,ooo 1.473 I0o.oo0 62. 1.84 62.0 1.7 60.8 1.35 60.5 1.18 81.7 1.15

,Q0.s 1.579 J0.002d 60.d 3.51 59.5 3.6.61. 2.57 61.4 2.89 82.0 2.00

16.0 . o 157. 1 56, .1. 60 9 60.0 1.57 81.7_i.6

.0 1.714 0.001. 62.3 1.9ý 61.1 1.6)._62,4 1.82 61.7 1.50 81.6 0.82

64.00o 1.734 0.o00i 59,.1 1.6 58. 1.6t 61.2 1.29 60.8 1.29 81.6 0.82CA T M.1.66T 1O.026, s8, 0 7 5 . Z 2 84.o o.98
CASM ~ A.L 0 L. .7Q1  -5.4..~. 1.i..a 8.
NOTESi (1) Sample sise- 4

Cast explosive X No. 522

STEEL DENT OUTPUT (CORRECTED VALUE)
AS A FUNCTION OF EXPLOSIVE DENSITY -

EXPLOSIVE - COMP B

70

- - - - - - - - --.. .- 4 - -- - -- -

EXPLOSI, DEN IT I ....C

I • lPre ied

TABLE 26 STEEL DENT OUTPUT DATA FOR COMP B
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EXPLOSIVE I X NO. Nnne AssIgned
TMD 1.69 .)/CnlI 1. D. NO. 7Tq

AVER-AGEGOU
GROUP I DATA GROUP 1, II & III DATA BLOCK

LOADING DENSITY C C HARDNESS
PRESSURE (GM/CM3 ) OBSERVED CORRECTED OSERED CORRECTED

DENT DATA DENT DATA DENT DATA DENT DATA DATA
PSI) (MILS) (MILS) (MILS) (MILS) (ROCKWELL B)

AVG, s AVG. S AVG. I S AV . S AVG. S AVG. S

-121 oQQoT__!g 1.41 48 1.22 48.5 2.7 TO 48. 2.67 82.! o.6

.o1,40 0.030 4.9 47. ý 2.08 49. 1.35 49J 1.2. 82., 1.5
R6 1.oo .•7 0,0032 55.0 1.35 55A 1.32 54.5 1.2 54. j1.2;2 84. 2.54

o1.000 o.667 0 6 57., 3.2-. 5. 6. 2.0• 56.j 2.31 824. 1.34
AL .nnn 1-693 g.o'an 5,€.c 1.9• --5. 1.e 58. .11.? 58.j 2.( 62. .o

NOTESi

STEEL DENT OUTPUT (CORRECTED VALUE)
ASA FUNCTION OF EXPLOSIVE DENSITY-

EXPLOSIVE - T14B

I
70-

:9 36

", , r

eli

1100000
,,, ,,. .. .011 .

40[lt t -

1.0 1.1 1.2 1.3 1.4 1.5 1.6 1,7 1.8 1.9 2.0

EXPLOSI VE DENSITY GM Ctd•:

TABL 27 STEEL' IDE-- OUTPUT DATA FORl
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EXPLOSIVE TNETB X NO. 1 563
TMD 1 79 1I.D. NOsI 208 & 412

GROUP I DATA i AVERAGE GROUP I
GROUP I GROUP I, II & III DATA BLOCK

I ADING DENSITY HRNS
FL ESSURE (GM/CM 3) OBSERVED CORRECTED OBSERVED CORRECTED HARDNESS

DENT DATA DENT DATA DENT DATA DENT DATA DATA
(,PSI) (MILS) (MILS) (MILS) (MILS) (ROCKWELL B)

AVG. S AVG. S AVG. S AVG. S AVG. S AVG. 5

4,000 1.479 0.0029 62.1 1.19 61.9 2.32 60.4 1.22 60.: 1.90 82.7 1.8

8.000 1.615 0.oo17- 62. . 62. 2.8 64.7 1.9 E 64.j 2.04 82. 0.6

16,ooo 1.7 0.0015 64.c 0.97 63.1 1.7a 67.4. 1.;27 66.. 2.1- 82.e 1.21

2,O00 1.779 0.0019 72. 2.5 7. . 2. 1.7 71.1 1.9 83-.C 0.85
A h n n.o ~ 1, T 9 2 0, 0 02 8 -1 9, 7 . ) 0 E 2 5 : 2 .9. C 6 . 1 .9 • 8 3 . ] 0 .7

NOTESt

STEEL DENT OUTPUT (CORRECTED VALUE) 00
AS A FUNCTION OF EXPLOSIVE DENSITY:

EXPLOSIVE - (D - - - -

""0-!

:1 60 '

O 37

ii
4C - -- -.. ..-... . L.......... ..... - -

1.0 1 I 1.2 1.3 1.. 1.5 1.6 1,7 1.8 1,9 2.0
EXPLOSIVE DENSITY •G/ CM

3)

TABLE 28 STEEL DENT OUJTPU'T DATA FOR TNETB
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Nitroguanidine
EXPLOSIVE X(L-1 Bulk Dan UJ XNO. ine AWss'ned

TD IT,? *ricii2 I. c. No. 967

G AAVERAGE
GROUP I DATA GROUP I, II & III DATA BLOCK

LOADING DENSITY O CRCORRECTED HARDNESS
PRESSURE (GM/CM3) CORRECTED OBSERVED

PSUR DENT DATA DENT DATA DENT DATA DENT DATA DATA
PSI) (MILS) (MILS) (MILS) (MILS) (ROCKWELL 3)

AVG. S AVG. S AVG. S AVG. S AVG. S AVG. S
1. 31 37.1

4. 00o 1.156 0.003 37.5 1.31 3 2.58 . 82.4 2.72

8,000 1.294 0.0027 41.5 0.84 41.5 0.76 , 83.0 1.27

16.000 1.393 0.0029 43.8 1.01 44.i 1.4o0 . 83.3 0.70

32.000 1.529 0.03d 46.61 1.67 46,7 2.27 i 83.1 1.08

64.00 g 1.673 0.002W 9j 5.16 10.2 2.33 83.8 0.70

NOTES.

STEEL DENT OUTPUT (CORRECTED VALUE)
AS A FUNCTION OF EXPLOSIVE DENSITYi

S. I

-0- -

L (1 .25 miLs)

* I

1.0 1.1 1.2 1.3 1.4 1,5 1,6 1 7 1.8 1.9 2.0

EXPLOSIVE DENSITY :GM CM3)

TABLE 29 STEEL DENT OUTPUT DATA FCR Nitroguanidine (LED)
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Nitrogmanidi ne
EXPLOSIVE I (High Bulk 3ensity) X NO. I x510
TMD .. - 7 srcm3 I.D. NO. 194

GROUP I DATA AVERAGE
GROU ... GROUP , II & III DATA BLOCK

LOADING DENSITY HARDNESSPRESSURE (GM/CM3 ) OBSERVED CORRECTED OBSERVED CORRECTED DNES
DENT DATA DENT DATA DENT DATA DENT DATA DATA

(. PSI) (MILS) (MILS) (MILS) (MILS) (ROCKWELL 8)

AVG, S AVG. S AVG. S AVG. S AVG. S AVG. S

4•00o0 1.329 .0024 11.5 2.30 -U&.0L 2-•44.. 82.20.TT

8..ooo 1.452 .0019 -2. 0.50 2.T6 0.3T 82.8 0.35

~6~L2 001c) I - -

12.0mo 1.627 .0032 See note (i1)
16h~ooo 1,711 .00=8

NOTES: (1) Explosive could not be detonated in this test configuration

STEEL DENT OUTPUT (CORRECTED VALUE)

AS A FUNCTION OF EXPLOSIVE DENSITYi

EXPLOSIVE - Nitroguain a
70O

60 . .

0

LU -

,4o I ,.,- -

1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0

EXPLOSIVE DENSITY (GM/CM 3 )

TABLE 30 STEEL DENT OUTPUT DATA FOR Nitvoguanidine (HBD)
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Table 31

Results of Operator on Block Hztrdncbss Measurements

OPERATOR

Block
No A B C D

5738 82.4 81.9 ..... ... 82.6 .... . 83

5739 83 78.7 4 83 83
5748 82.6 80.9 82 83
5758 82.6 80.3 83.6 83
5763 83 79.2 81.4 83
5770 82.3 81.2 82.3 83 _______

,,5780 81.8 80.1 82 83
5784 81.9 81.2 83.1 82
5787 82.4 82 82 82
5788 81.2 78 81 82
5797 82 82.2 82.9 83
5810 81.1 81.8 82.6 83
5812 83.1 79.8e...7 81.9 82
5741 81.. 80.6 81.2 81
5749 82.5 79.9 82 82
5798 81.8 80.2 81.8 83
5802 81.8 80.7 82 83
5813 83 81.9 82 83
5823 82 7S'.4 82.8 83
5833 81.8 76.8 81.6 83
5837 81.1 75.2 81.6 84
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Table 32

List of Explosives Whose Output Test Values of Block
Hardness and Depth of Dent Were Remeasured

Table
Explosive Number

Lead Azide (Dex) 4
Nitromannite 5

HMX 11
PBXE-5 12
HNS-II/Tef (95/5) 15
HNS-II/Tof (90/10) 16
OCTOL (75/25) 22
Pentolite (50/50) 24
TNT 25
COMP B 26
TNB 27
TNETB 28
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Table 33

Analys is of Variation (Anova) Table for the Steel Dent
Output (Observed Data) for HNS/Tef., (90/10), 16k

Block Observation Number (i)
Number

1 2 3
1 52.79 49.95 49.05 151.79
2 54.38 50.27 49.50 154.15
3 49.67 46.85 46.20 142.72
4 48.37 46.00 46.50 140.87
5 49.50 49.87 49.62 148.99

Sums - 254.71 242.94 240.87 738.52
Sums of
Squares 13,000.98 11,820.01 11,614.99 36,435.97

Source of Sum of Degrees of Mean F
Variation Squares Freedom Square (Calculated) F.05

Total 75.18 14
Operator 22.30 2 11.15 9.87 4.46
Block 43.82 4 10.96 9.70 3.84
Error 9.06 8 1.13 _

42
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Table 34

Analysis of Variance (Anova) Table for the Steel
Dent Output (Observed Data) for PBXN-5, (4k).

Block observation Number (W)
Number

1 2 3
1 58.00 54.97 55.35 168.32i 2 55.87 60.10 56.27 172.24
3 55.37 55.32 55.20 165.89
4 56.62 56.12 56.52 169.26
5 56.00 56.50 56.40 168.90

Sums -- 281.86 283.01 279.74 844.61
Sums of
Squares .893.12 16,035.72 15,652.45 47,581.29

Source of Sum of Degrees of Mean . F 0 5
Variation Squares Freedom Square alculate

Total 23.55 14
Operator 1.09 2 .55 0.28 4.46
Block 6.89 4 1.72 0.88 3.84
Error 15.57 8 1.95

43
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Table 35

Analysis of Variance (Anova) Table for the Steel Dent
Output (Observed Data) for Pentolite (50/50), 8k.

Block Observation Number (i)
Number

S1 2 3
1 52.42 53.72 53.60 159.74
2 52.62 55.05 54.50 162.37
3 51.17 52.95 51.67 155.76
4 52.95 54.00 53.77 160.72

5 52.05 51.57 51.30 154.92

Sums = 261.41 267.26 264.84 793.51
Sums of
Squares 13,669.08 14,292.33 14,035.90 41,997.31

S Source of Sum of Degrees of Mean F
Variation Squares Freedom Square (Calculated) F. 0 5
Total 26.10 14
Operator 3.46 2 1.73 4.80 4.46
Block 13.75 4 3.44 9.55 j.84
Error 2.89 8 .36
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Table 36

Results of Least Square Fit to the Correct
Dent Data for the Explosive

Least Square Fit Equation of
Explosive X I.D. Corrected Dent Data

Number Number Average Group I Average Group I,
Data 1_, and III Data

Lead Azide 1072 -

(Dex.)
Nitromannite 601 311 6 = 0.002 + 37.63p 6 = -0.384 + 38.25p
PETN 321 85 a -= -0.322 + 41.18, -
RDX 334 998 6 = 0.366 + 40.82p -
CH-6 267 115 a - 0.066 + 39.92P -
Tetryl 436 1054 6 = -0.308 + 36.60, -
Tetryl/ 460 374 63 0.195 A 36.91P -

Graphite
HMX 433 439 63 0.408 + 40.79p -
PBXN-5 618 579 5 1.412 + 29.94p -
HNS-I 537 714 6 = 0.659 + 33.66P -
HNS-II 567 165,30 6 0.275 + 33.04, -
HNS-II/Tef 526 212 5 0.225 + 31.58p = 0.193 + 31.68,
(95/5)
HNS-II/Tef 581 162 6 0.190 + 29.09p .3 0.315 + 28.98,
(90/10)
DIPAM 549 223 a 0.210 + 33.87p -
DATB 315 185 6 0.670 + 31.08, -

TATB 398 968 6 1.41.2 + 29.94,
TACOT-T 431 436 6 -- 2.647 + 32.91, -

KHND 616 43,1001 6 =-0.091 + 29.26, -
Octol 577 352 6 = 0.668 + 41.24, 5 0.616 + 40.39,
(75/25)
Octol - 433 6 = 1.295 + 37.65, -

(65/35)
Pentolite 551 185 6 - -0.245 + 37.23, a = 0.290 + 37.20p
(50/50)

TNT 412 369 a = 0.159 + 32.68p , = 0.413 + 32.45,
Comp-B 576 173 83 1.306 + 35.52, 6 -= 0.988 + 36.59,
TNB - 179 3 = 0.531 + 34.67, 6 = 0.768 + 34.19,
TNETB , 563 208,412 5 = 0.232 + 39.62, 5 = 0.311 + 39.36,
Nitroguanidine - 967 6 = 0.'316 + 31.21, -
(LBD)
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Table 37

Steel Dent Output Test Results of Six Cast Explos4.ves

Explosive Steel Dent
Explosive Number (gf m/cm3 0MiLa Remarks

Tested Ave Std. DOV Ave Std. Dev.
Octol (75/25) 5 1.792 0.0087 66.0 1.55 (1)
Octol (65/35) 7 1.768 0.0097 65.2 1.10 (2)
Pentolite (50/50 10 1.670 0.0047 60.5 1.43
TNT 9 1.616 0.0046 33.0 15.02 (3) The mini-

mum and
maximum dent
observed
were 15 mils
and 57 mile.

Comp-B 1.667 0.0263 59.3 1.28 (4)

(1) The density of five other pieces ranged from 1.47 - 1.72 gm/am 3 .
Of these, four gave steel dents greater than 61.0 mils,
one (P - 1.68 gm/cm3 ) failed.

(2) The density of two other pieces were 1.41 and 1.54 gm/cm3 .
Both pieces failed to give any dent in a steel block.

(3) The density of one piece was 0.86 gm/cm3 , however, the unit was
tested, and the resulting steel dent was approximately 57 mils.

(4) The density of five other pieces was less than 1.6 gm/cm3 .
These units were fired, and the steel dent varied from 7 to
30 mils.
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0 I 2
.,I , I MK TOMODODETONATOR

INCHES DETONATOR ADAPTER

IIDONOR

DONOR EXPLOSIVE
-INCREMENTS POX

- -- - 165 MILLIGRAMS/INCREMENT
0 PRESSED @10,000 PSI

ACCEPTOR

ACCEPTOR EXPLOSIVE

STEEL DENT BLOCK

FIG. I MODIFIED SMALL SCALE GAP TEST USED FOR STEEL DENT OUTPUT TEST FOR EXPLOSIVES
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1- .0

NOTE: USE SCALES A AND B FOR TNB,
TNETB, OCTOL (75/25) AND PbN 6 ;

-0.0 USE SCALES A AND C FOR THE 1.1
REMAINING EXPLOSIVES

FOR EXAMPLE, DIPAM, AT SK,
50- WOULD HAVE DENSITY OF

APPROXIMATELY 1.38 gm./cm3

40- -- 1.2

30.

. 1.0 1.3

20

TN8O HNS-Xe 1.4

z TNETB6 E
0 OCTOL 0DIPAM I.7 OHNS-II/Tef (95/5) a.* (75/25) . HNS-3P0

~1o .- -2.0 SPBXN-51.
0 9: PETN" z
4A HNS-n/Tef (90oI0)0 OTETRYL

z MX OR DXu 7 2!

eCH-6 4A

6. 1.6

PbN60

4 3.0 1.7

3--

2=
SCALE

A 4.0 1.9

SCALE
B

FIG. 4a NOMOGRAPH TO DETERMINE DENSITY/LOADING
PRESSURE RELATION FOR SOME PRESSED EXPLOSIVE - PART I 2.0SCALE

C
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- 1.0

NOTE: USE SCALES A AND B FOR TACOT-T,
TNT AND COMP-Bi USE SCALES
A AND C FOR THE REMAINING .. 1
EXPLOSIVES

50-
FOR EXAMPLE, DATB AT 16K
WOULD HAVE A DENSITY OF

40-- APPROXIMATELY 1.53 gm/cm ,1.2

30o"

S20 ,5

NITROGUANIDINE
TACT T 1.0 (LBD)O -1.4 vii • TACOT-T e

f.0 TNT
- ~ODATO

C0M•"-2.0 ONITROGUANIDINE10. 12.0 PENTOLITF (HOD) - 1,5R 9-- NITROMANNITEO 5 KHND
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6 -3.0 SOCTOL 1.6

(65/35)
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4- 4.0 ,1.7
SCALE
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A
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FIG. 4b NOMOGRAPH TO DETERMINE DENSITY/LOADING
PRESSURE RELATION FOR PRESSEr, IF(PLOSIVE -PART 2 2,0

SCALE
C
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